This paper aims to study market integration in the international trade of soybeans from 1999 to 2019. The hypothesis is that the market remained integrated between genetically modified (GM) and non-GM soy, even after stringent regulations against GM soy in major importers starting in 1999. Using FOB prices from major exporters of GM soy (USA and Argentina) and non-GM soy (Brazil), I test for market integration with cointegration analysis and Granger causality tests. All tests show that the market between all three exporters remained integrated throughout the sample period. Furthermore, Granger causality tests show that USA remains the sole price leader. Short run elasticities for reactions to American price changes in Brazil and Argentina are 0.33 and 0.25, respectively. The results validate the Law of One Price and inform policy decisions and forecasts efforts in this valuable commodity.
Introduction
The purpose of this paper is to study the horizontal spatial transmission for the international market of soybeans over the period 1999-2019, in order to check for market integration under the Law of One Price (LOP), as well as report the elasticities and the directionality of the price transmission.
The LOP is the basic foundational notion in economics that the prices of equal goods in different locations within an open market will tend to equalize, as market agents make use of arbitrage opportunities to close existing gaps. When markets share a price under LOP they are said to be integrated. Product differentiation can cause deviations from LOP (Pippenger & Phillips, 2008) . Such disruptions to trade have occurred in soybeans due to the development of genetically modified (GM) soy, where differences regarding the legal status of GM soy in major exporters and importers has led to the possibility of a rift between a GM soy and a non-GM soy markets.
First developed in 1996, GM soy quickly became the dominant form in major producers and exporters, including USA, Argentina, and Paraguay, where by 2016 it accounted for 94%, 100%, and 96% of total production, respectively. However, Brazil, the single biggest exporter, still produces a majority non-GM crop, with 32% GM cultivation the same year (ISAAA).
By testing for market integration between major exporters Brazil, USA, and Argentina, who altogether account for nearly 90% total world supply, price transmission between GM and non-GM soy prices can be tested, i.e. market integration between GM and non-GM soy.
Market integration under LOP assumptions will be checked for through cointegration analysis. Then, if spatial transmission is found, the dynamics of price leadership will be studied through Granger causality. This provides further proof of market integration (Ravallion, 1986) . The hypothesis is that the international market for soybeans is highly integrated even through the period of highest volatility and the growing trend in GM bans. In addition, I expect USA to appear as price leader, given the traditional role of that the prices in the Chicago Board of Trade (CBOT) have played as reference prices for the market. However, I also expect the possibility that Brazil might have assumed price leadership as well, given their growing importance in the market, surpassing USA as main exporter in 2012. This study was done using STATA 15.
The chosen period involves a time of significant price volatility, as American FOB prices went from a minimum of 152 USD near the start of the period in October 2001, to experience several dramatic peaks starting in 2007 with a maximum of 628 USD in August, 2012, and finish at the range of low 300s USD by the end of the period. This volatility and shifts in trend and levels might surface in the form of a structural break in the time series analysis.
The results aim to validate the LOP, and do so in the context of an exported commodity, a market heavily distorted by trade regulation, and over a period of wide price fluctuation. Furthermore, given the relevance of this commodity for the world economy, I hope to provide useful information on the dynamics of price transmission for agricultural commodities, that might assist forecast efforts and policy design.
Literature Review
The transmission of international commodity prices has traditionally been studied under the theoretical framework of the LOP, which states that markets that trade tend to show equal prices for equal products, within a certain rate measured by the efficiency of the transmission (for a full review, see Fackler & Goodwin, 2001 ). It was originally tested for with lineal correlations, however, when innovations related to cointegration analysis came about, the LOP came under intense criticism because many studies found no supporting evidence for it. Ardeni (1989) found that under cointegration the LOP did not stand empirical tests, as permanent deviations to it were apparent and widespread. Later studies have salvaged the LOP by introducing conditions that need to be checked for, in order to ensure methodological robustness. Pippenger and Phillips (2008) identify such conditions, one of them being using identical products, which has been broken in the international soybeans market by the advent of GM soy.
For price transmission, there is a large literature focused on horizontal spatial transmission, mostly in areas such as international financial markets and commodity trade, in agriculture and energy. A key concept in horizontal spatial transmission is that of market integration. Markets are said to be integrated when co-movements of prices are observed in them, that is, price information is transmitted between them. Since the influential work of Ardeni (1989) , the academic literature has taken to the presence of cointegration as sufficient proof that market integration exists (Listorti & Esposti, 2012) . This is because a stable (nonstationary) long-run relationship is both a requisite for the validity of LOP as well as the presence of cointegration (Ardeni, 1989) . Ravallion (1986) and Garbade and Silver (1978) have provided alternative methods for establishing market integration, based on Granger causality and weak exogeneity tests.
Studies on Soybeans International Market Integration
Uri, Chomo, Hoskin, and Hyberg (1993) tested for market integration in soybeans, soy meal, and soy oil international markets, using Granger causality. They test the prices of American, Brazilian, and EU products pairwise, and establish market integration in all cases. However, it should be noted this study was done before the development of GM soy and its possible effects on market integration.
For price transmission, Machado and Margarido (2001) study the Argentinian, American and Brazilian FOB prices as well as Rotterdam (EU) CIF price series using ARIMA deseasoning and Granger Causality on a vector autoregression (VAR) on log-levels, and find that both Brazilian and Argentinian prices are Granger-caused by European CIF prices, whereas American prices are not related to any of the other series. In a similar later study (Machado & Margarido, 2004 ) they find evidence for transmission from USA to Argentina and Brazil, albeit weaker than the responses to EU prices. It is worth noting that these studies were done before the EU banned the trade on GM soybeans and before the dramatic rise of Chinese imports, so the EU was back then still the most important destination for Argentinian and Brazilian soybeans. In addition, these studies were conducted before it was widely understood that Granger Causality is not robust to the presence of orders of integration as well as cointegration in the underlying VAR when using the true order of lags (Toda & Phillips, 1994) . Margarido, Turolla, and Bueno (2004) used cointegration, Granger Causality, and other methods to characterize the seasonal international price transmission for soybeans using Argentinian, American and Brazilian FOB prices as well as Rotterdam (EU) CIF prices. They find that shocks in American and European prices transmit to Brazilian prices, whereas Argentinians only respond to American ones, and American prices are only weakly affected by Brazilians. Overall the short-run reactions appear to be slow. They offered the absence of trade due to EU regulations on GM as the explanation for the lack of Argentinian response to EU shocks, and the seasonal symmetry between USA and Brazil as the reason behind the small reactions observed in USA to Brazilian prices.
More recent studies of price leadership have tended to focus in futures markets. Christofoletti, Silva, and Mattos (2012) studied market integration for both spot and future soybeans prices between USA, China, Brazil, and Argentina, using cointegration analysis on daily prices from 2002 to 2011, split into subperiods to control for structural breaks. Their results show that the relationship has changed over time, interestingly, both USA and Argentina are shown to no longer be integrated to the other prices during and after the food crisis. These results could indicate a rift between GM soy and non-GM soy markets.
Han, Liang, and Tang (2013) used cointegration to study price discovery between CBOT and the Dalian Commodity Exchange (DCE) in China from 2002 to 2011. They found bidirectional effects, lead by CBOT who has the greater impact. Li and Hayes (2016) studied future prices in China, USA, and Brazil, from 2005 to 2015, using non-linear cointegration and weak exogeneity, as well as sample splitting. They found instead that CBOT prices retain single leadership over the futures prices market, although there is a weakening trend in the link, and in addition it is affected by seasonal variations with Brazil adopting temporal leadership during its marketing season. Liu et al. (2015) used the generalized autoregressive conditional heteroskedasticity-generalized error distribution (GARCH-GED) model to study future prices volatility transmission between CBOT and DCE from 2006 to 2012, with sample splitting to account for the 2008 subprime crisis, and found CBOT prices no longer lead DCE future prices for non-GM soy after the break. Finally, Lee, Lin, and Liao (2013) used a cointegration representation with GARCH and sample splitting for structural breaks to study price leadership between CBOT and DCE in several commodities futures prices, including soybeans, from 2002 to 2011. For soybeans, they found CBOT leading DCE in long-run adjustments, however for short-run transmissions the opposite is true.
It can be seen that the existing literature on this subjects, except futures prices, is quite dated, for market integration preceding the development of GM soy and for price transmission being before the advent of stringent GM soy regulation and market changes in the last 15 years. Regarding price leadership in this market, the consensus among the literature reviewed is that USA is the traditional price maker, thanks to the leading role played by CBOT prices, and Brazil and Argentina are price takers.
However, the development of GM soy and the subsequent regulations on its trade, the growing role of Brazil in export trade, as well as findings on futures prices about a weakening trend in American price leadership, all prompt the need to update the study of market integration and price transmission in the international market for soybeans, with more recent data that might reflect the changing trade patterns in the last 20 years.
Data
The price series to be compared are the spot prices of Brazil, USA, and Argentina soybeans export prices. These three exporters altogether account for close to 90% of total international supply during the chosen period. The price series start in October, 1999, and end in February, 2019, with a total of 233 observations. Their natural logarithms are taken, to provide of ease of interpretation of some of the results.
The price series used were as provided in The final step of the study will be running Granger Causality tests under the Toda-Yamamoto procedure (Toda & Yamamoto, 1995) , to look at directionality of the horizontal price transmission and provide further proof of market integration. The null hypothesis implies that lagged coefficients for a variable do not add power to explaining the variation of another variable solely based on its own lagged value. On the other hand, rejecting the null, i.e. declaring Granger causality, means that knowing and including the lagged values of the Granger-causing variable can enhance our forecasting models for the Granger-caused variable. This is because there is a tendency for the variation on the Granger-causing variable to precede similar variation in the Granger-caused one.
In the context of this study, it is critical to note that existing literature has proven that it is best not to run Granger causality tests on coefficients obtained through a VECM model. This is because in these cases the pretesting for unit roots and cointegration causes the distribution of the test statistics not to properly converge to a chi-squared distribution under the null. As a result, estimates are unaffected but critical values are unreliable, and there is a severe increase to Type I error probabilities (Toda & Phillips, 1994; Dolado & Lütkepohl, 1996) .
In order to address these issues, Toda and Yamamoto (1995) developed a method for testing Granger Causality over VAR models that may be integrated or cointegrated. It does not require pretesting for integration and cointegration, and thus bypasses the above-mentioned problems related to unit root and cointegration.
Instead, it relies on intentionally overfitting a VAR on levels model with as many extra lags as orders of integration the variables may possibly have. However, the coefficients of the extra lags are not used as part of the Wald test in the following step. The equations for Granger Causality thus remain the same. They prove that such a model provides a robust basis for Wald-testing the resulting coefficients, other than those of the extra lags which are not included in the test and assumed to be zero.
The authors realize that this method suffers from inefficiency due to the intentional overfitting in lag order, however they believe this inneficiency is preferable to the problems that arise with alternative methods. Both Zapata and Rambaldi (1997) , and Clarke and Mirza (2006) , when directly comparing the properties of the likelihood ratio test as used under Johansen's method, to the Toda-Yamamoto method with extra lags augmented-Walt tests, agree that the latter is far preferable to the former, unless the sample size is very small (less than 50 observations). Additionally, they prove the Toda-Yamamoto procedure is robust to a variety of situations such as stability conditions, cointegration rank, and many other forms of underlying model misspecification.
Identification of Structural Break
Johansen's method suffers from very low power when faced with time series whose true underlying model have an unknown structural break in levels (constant) or regime (constant and slope) of the cointegrating vectors or the trend component, as shown by Hansen (1996, 2009 ).
They propose instead three possible residuals-based tests with a null of no cointegration and an alternate hypothesis of cointegration with a single structural break point of unknown timing. These tests are multivariate generalizations of the modified ADF, Za and Zt tests (Zivot & Andrews, 1992) . The purpose of the Gregory-Hansen tests is to find the break point under cointegration by repeatedly running ADF, Za or Zt tests for all points and choosing the one that minimizes the modified statistics. They provide the asymptotic distributions and critical values for up to four regressors.
However, it is worth noting that the Gregory-Hansen tests are powerful against the alternate of cointegration without a structural break as well, just like the unmodified ADF (Gregory & Hansen, 2009) . If the purpose is to test for structural break under cointegration alone, then only the case where ADF fails to reject the null while Gregory-Hansen does reject it, would provide proof of the presence of a structural break. Otherwise, Gregory-Hansen does not provide conclusive proof that the true model is one of cointegration with a structural break.
If structural breaks have been identified, dummy variables will be used to control for their effects (Dawson, Sanjuan, & White, 2006; Dawson & Sanjuan, 2006) .
Results and Discussion
The ADF results for all three series shows they are all I(1) nonstationary, since the tests fail to reject the null of nonstationarity at the levels, but do reject it at the first difference. Note. ADF results at log-levels and first differences. (*) is for rejections of the null of unit root.
Since the variables are all I(1), the next step is to test for cointegration, in order to decide if the better fit is a VECM or a VAR in differences. I use Gregory-Hansen tests for the null of no cointegration against a null of cointegration with a single structural break, with 2 optimal lags chosen through AIC (Akaike Information Criteria). The result of the test based on ADF was failure to reject the null of cointegration with a regime break in July, 2009. The date corresponds to a second short peak after the initial rise and drop in the 2007-2008 period. Note. (*) is for rejection of the null of no cointegration.
In order to further test the break point, Johansen tests were run on two models, where one was fit with a dummy variable to account for the break and one without it, and then compare the results. Dawson, Sanjuan, and White (2006) and Dawson and Sanjuan (2006) have proven the validity of this method. The results, listed in Table 3 , show that per our expectations, Johansen's procedure fails to detect cointegration without the break, whereas two cointegrating vectors were found with the break placed inside the model. Note. Johansen test for cointegration on two models, one that includes a structural break at July 2009 and one that ommits it. Both tests used 2 lags and the same sample. (*) is for first non-rejection of the null When including the dummy for structural break according to the results of the Gregory-Hansen test, the resulting model has two cointegrating vectors, the maximum possible in a three variable model, and this is an indication of the stability and integration of the long-run relationship between the price series, i.e. the international market of soybeans (Listorti & Esposti, 2012) .
The next step of this study is to fit a VECM model to capture the short run and long run dynamics as well as provide information for the Granger Causality tests in later steps, since it reinforces the causal relationship found in those tests. The model includes two dummy variables, one for seasonal variations and one for the structural break in July, 2009, as identified by the Gregory-Hansen test. The last step of this study is to run the Toda-Yamamoto procedure for the Granger Causality test of the cointegrated variables. AIC produced lag order 2 for the underlying VAR model, however an extra lag was required in order to address autocorrelation in the residuals, resulting in a VAR(3+1) underlying VAR model.
The results of the Granger Causality test show that both Argentina and Brazil are unidirectionally Granger-caused by United States, at 5% confidence level, per my expectations according to relevant literature. This reflects the traditional role as price maker that USA has had on the international soybeans market, with the CBOT prices acting as the reference prices for the market, as already identified by several studies (Machado & Margarido, 2004; Margarido, Turolla, & Bueno, 2004; Li & Hayes, 2016 ).
An additional possible source of Granger causality is found for Argentina from Brazil, which must have surfaced in the period under study. This could be explained by the dynamics of seasonal variation (Margarido, Turolla, & Bueno, 2007) . However, that result only arises at 10% confidence level, so it is clear that despite becoming the main exporter since 2012, Brazil has not become a price leader in the market. 
Conclusion
This study seeks to characterize the international price transmission of exports of soybeans, in order to check for market integration between GM and non-GM soy varieties. I first used cointegration analysis which proved the international market for soybeans has been well integrated between the three major exporters Brazil, USA, and Argentina over the last two decades. This shows that GM and non-GM soy still share price information and there
has not yet been a split between these two markets. This has wide implications for price forecasts and policies. It shows, for example, that market analysis and forecasts for exclusively GM soy exporters like USA and Argentina should still track developments ocurring in exclusively non-GM markets like the EU.
It also showed Argentinian and Brazilian prices are significantly affected in the short-run by American prices, with 0.33% elasticity over a one month lag for Brazil, which is higher than the 0.25% for Argentinian prices. As a result Brazilian prices are more sensitive in the short run to American price changes, than Argentinian prices are.
Then the Toda-Yamamoto procedure for Granger Causality, showed that USA has retained price leadership throughout the period. Against expectations Brazil has largely remained a price taker, despite it becoming the main exporter in 2012 by a widening advantage. It seems that despite the changes in the market in the last 20 years, CBOT prices are still the undisputed reference for traders in both GM and non-GM varieties.
From a theorical point of view, this study provides further proof on the continued validity of the Law of One Price and methodologically for the use of lineal cointegration to analyze horizontal spatial transmission and market integration in the context of international commodity markets. It also provides an example of robust econometrical analysis in controlling structural breaks under cointegration.
Further research is required on the dynamics of price leadership, in order to provide empirical proof on the reasons behind the observed results. In addition, the use of recent innovations in econometrical studies, such as threshold models that reveal arbitrage prices and assymetrical transmission, could provide further proof and insight into the results found here. Finally, applying the methodology used here to higher-frequency data samples, i.e. daily or weekly prices, can help improve on the robustness of results for cointegration analysis.
